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論文内容の要旨
channelrhodopsin-1(ChRl) and ChR2 are light gated cation channels which mediate the
phototaxis and photophobic response of a unicellular green alga･ Chlamydomonas
Reinhardtii. Each is constituted by a seven transmembrane heLix apoprotein, opsln and a
covalently bound retinal･ Despite over 50% identities in the seven transmembrane helices･
the photocurrent properties of ChR2 are distinct from those of ChRl･ The maximal
absorbance of ChRl is at 510 nrTI Whereas that of ChR2 is shifted to 460 nm･ The
chRl二rTlediated photocurrent is small in the amplitude and negligibly desensitized
although that of ChR2 is large and rapidly desensitized･ As for the ion permeability7 ChR2
mediated channel is permeable to Na+, K十, H+ and other cations while ChRI channe一
mainly allows H+ to pass through･
To identify the structures which are responsible for these differences, we divided each N
terminal 11345 and 1_315 amino acid residues of ChRl and ChR2 (ChR111345 and
chR21-315)intoA, B, C, D,巨, F, Ganda, b,C,d,e,f,gsegments･ Eachsegmentcontains
the corresponding heljx as much as possible･ Then we created a series of chimeras by
progressively substituting the N termina一 segment of ChR21-315 with the homologous
counterparts of ChRl"45･ According to the segmental composition･ ChR211315 and
chRll-345 Were referred to as abcdefg and ABCDEFG, respectively･ Similarly, each
chimera was referred to as Abcdefg, ABcdefg, ABCdefg, ABCDefg, ABCDEfg, Or
ABCDEFg based on its segment composition. AH the genes were tagged with Venus･ a
modified yellow f一uorescent protein and expressed in the HEK293 cells･ The photocurrent
was evoked by light and recorded under the whole cell voltage clamplng･
with progressive segment substitution, the photocurrent at 一onger wavelength was
gradually activated. The photocurrent of ChR(ABCDEfg) was more sensitive in the longer
wave一ength (500-540nm) With negligible desensitization and s一owed ON and OFF kinetics･
chR111345(ABCDEFG) photocurrent was the most sensitive in the longer wavelength with
the highest G/B ratio･ These suggestthat E segment containlng the fifth helix is involved in
both wavelength sensitivity and photocurrent kinetics and G segment containing the
seventh helix is invo一ved in regulating wave一ength sensitivity･
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This is also evidenced by that the E segment-replaced chimera, ChR(abcdEfg) showed
increased 一onger wavelength sensitivity and enhanced G/B ratio･ E segment of ChRl
(1-345) and e segment of ChR2 (11315) Only differed in eight amino acidsI Considering
that increased longer wavelength sensitivity in ChR(abcdEfg) may be attributed to these
eight residues, We exchanged them one by one and obtained　8　single mutants,
chR2K174R, ChR2C179｣, ChR2L180M, ChR2A186l, ChR2N187Y, ChR2H191N,
chR2A195V and ChR2G199A. ln the case of N187Y, the photocurrent in the longer
wavelength was activated to a high level as same as that of ChR(abcdEfg) meanwhile the
G/B ratio was increased a lot. The desensitization of N187Y photocurrent was reduced
slgnificantly･ The reverse mutant, ChRIY226N backwardly shifted aH the properties shown
in the ChR2N187Y. These results sug9eSt that the position of Tyr226(Y)/Asn187(N) in E/e
segment of ChRl/ChR2 is crucial to the wavelength sensitivity and photocurrent kinetics･
We also found that the wave一ength sensitivity of chimeras, ChR(ABCDEfG) and
chR(ABCDEf(G一g)) was almost equal to those ofChRlト345･ As done in the E segment･ the
different amino acids ahead of retinal binding Lysine (Lys296/Lys257 in ChRl/ChR2) Were
exchanged between G and g segments･ Only the wavelength sensitivity ofABCDEfg-1291L
photocurrent was red-shifted･ On the other hand, the wavelength sensitivity of the counter
mutant, ABCDEfG-L291l, was blue-shifted･ The sin9le mutant ABCDEfg-D292 E in the G
se9ment Showed a red-shifted wave一ength sensitivity with the maxima一 sensitivity at
500nm. Similarly, ChR2D252E photocurrent showed a red-shifted wavelength sensitivity.
These resu一ts suggest that the residue Leu291(L)川e252(l) and the unique negative
char9ed residue Asp292/Asp253(D) in G/g segment which are c一ose to retinal S'C州f base
may function as another contributor to the wavelength sensitivity･
Finally, we investigated the role of G山162/Glu123 in helix C/c which was the
homologous position ofAsp85, the Schiff base counterion in bacteriorhodopsin (BR) in the
wavelength sensitivity. ABCDEfg-E162T and ChR2E123T showed red-shifted wavelength
sensitivities. However, compared with ChR21-315,,chR2E123D showed a blue-shifted
wavelength sensitivity at pH 714･ The wavelength sensitivity of ChR2E123D was shifted
backwardly at pH 6. These results suggest that Gru162/GJu123(E) of helix C/C may be the
third contributor to the wave一ength sensitivity･
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Taken together, our results sug9eSt that Tyr226(Y)/Asn187 (N) in E/e segment of
ChRl/ChR2 locate in a critical position which regulates both wavelength sensitivity and
photocurrent kinetics. ln addition, the residues (L291/1252, D292/D253) close to
Lys296/Lys257 and Glu162/Glu123 oT helix C/c in ChRl/ChR2 may locate in the other two
pivotal positions which are involved in the regulation of the wavelength sensitivity (color
tuning) of Channelrhodopsins.
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論文審査結果の要旨
淡水池沼に普通に生息しているクラミドモナスは､葉緑体を持ち､光合成をする単細胞真核生物
である緑藻類に属している｡クラミドモナスは､眼点と呼ばれる特殊な膜領域で光を受容し､鞭
毛運動を制御することにより､光に集まる習性(走光性)を有している｡クラミドモナスの一種
a,1amydomonas relnhardtllllの眼点に分布している古細菌型ロドプシンファミリータンパク質は､
可視光に応答してイオンを透過させ､膜電位を制御することにより､走光性を制御していると考
えられている｡クラミドモナスにおいては､ 2種類の古細菌型ロドプシンタンパク質､チャネルロ
ドプシン1(ChRl)とチャネルロドプシン2(ChR2)がある｡これらは､光受容チャネルの一種であ
り､単一の分子で､光感受性とイオンチャネルの機能をあわせ持っている｡しかし､チャネルロ
ドプシンの光受容機能､イオンチャネル機能および､それらの連関を制御しているメカニズム
は､ほとんど解明されていない｡当該博士論文は､チャネルロドプシンの光受容機能､イオンチ
ャネル機能および､それらの連関を制御しているタンパク質構造の解明を目的としたものであ
る｡当該博士論文においては､ ChRlとChR2が高い相同性を有しているにもかかわらず､光電流の
吸収波長感受性､光電流キネティクスなどにおいて異なることに注目した｡そこで､膜貫通ドメ
インを入れ替えたキメラタンパク質を系統的に作製し､それらの光電流特性を解析することによ
り､両者の機能的差異に関連した膜貫通ドメインを同定した｡その結果､第5膜貫通ドメインが
吸収波長感受性と光電流キネティクスを､第7膜貫通ドメインが吸収波長感受性を制御している
ことを解明した｡さらに､それぞれのドメインの機能が､単一のアミノ酸残基､
Tyr226(chRl)/Asn187(chR2)およびLeu291 (chRl)/Ile252(chR2)により制御されていることを解明した｡
これらは､今までに報告のない新しい構造の発見であり､他の古細菌型ロドプシンに存在しない
レチナ-ルとアポタンパク質の相互作用が､チャネルロドプシンに存在していることを示唆して
いる｡また､構造一機能連関にもとづいて､光照射により神経細胞ネットワークを駆動する目的
に最適化されたチャネルロドプシンが創出できることを示唆している｡その例とし､チャネルロ
ドプシン･ワイドレシーバーとチャネルロドプシン･フアストレシーバーの有用性を提案してい
る｡当該博士論文は､自立して研究活動を行うに必要な高度の研究能力と学識を有することを示
している｡したがって,王　紅霞氏提出の論文は,博士て生命科学)の博士論文として合格と認
める｡
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